ABSTRACT
INTRODUCTION

1
The Japanese crested ibis Nipponia nippon was a popular bird in East Asia until 2 the early 20th century, but nowadays, it is considered to be an endangered species due to 3 overhunting or reduction in available habitats (IUCN 2012 ). In Japan, the Japanese 
10
In the case of small captive-breeding populations for the conservation of the 11 endangered species, it is important not only to increase the population size, but also to 12 prevent increase in inbreeding coefficient and loss of genetic diversity which cause Therefore, the exact knowledge of the current genetic diversity and structure can lead to 17 prevention of genetic deterioration, and be vital to the administration of captive 18 populations and fundamental to the success of metapopulation management strategies, 19 including the reintroduction of captive-bred individuals into the wild. 20 Historically, pedigree information has been utilized to understand the genetic and the inference of population structure using a total of 19 markers (Urano et al. 2013 ).
17
Simulation studies showed that increasing the number of loci used improved in this study, in order to exactly evaluate genetic structure, we first attempted to 20 identify new genetic markers useful for the Japanese population using microsatellite 21 primers developed in the related species. Subsequently, we used the whole of useful 22 markers identified in the present and previous studies to assess the genetic diversity and 23 infer the genetic structure of the Japanese population. (Niigata, Japan) and used for genomic DNA preparation. For the descendant birds, the 8 post-hatch eggs stored at the Sado Japanese Crested Ibis Conservation Center were used.
9
The vascularized chorioallantois membrane samples were excised from the eggs and 10 used for genomic DNA preparation, as described by Urano et al. (2011) . In addition to 11 these samples, we used the liver sample of a dead individual for the examination of 12 PCR amplification. DNA was extracted from these samples using the DNeasy Blood &
13
Tissue Kit (QIAGEN, Hilden, Germany). Mendelian parent-offspring relationships. Subsequently, the markers which were 3 seemed to be effective were genotyped on the descendants. We sequenced the polymorphic markers identified in this study and the 10 8 related species markers identified in the previous study (Urano et al. 2013 ) and 9 examined the differences in the sequence among PCR products of different size. PCR 10 amplifications were carried out on the same condition as in the examination of 
15
The range of possible Ks we tested was from 1 to 8. Runs with a burn-in period of 16 100,000 followed by 100,000 MCMC iterations were performed, using the model with the exact analysis of genetic diversity and structure in this study.
25
For the 3 markers together with the 10 related species markers identified in the 26 Table 1 previous study, we sequenced allelic PCR products of different size. Of the 13 markers, 1 11 had repeat regions and there were differences in the number of repeat unit among 2 each allele, while 2 markers did not seem to be simple microsatellite markers (Table 2, 3 Fig. 1 ). There were three and one partial differences in sequences between alleles of 4 PM1-17 and PM2-37 loci, respectively, and the variations of single nucleotide were 5 considered to be sequencing errors or single nucleotide polymorphisms. For the 11 6 markers which had simple repeat regions, comparing the sequences of repeat motifs 7 with those of original species, we found that 6 had the same repeat motifs as those of 8 the original species, whereas 5 had different sequences from the original species. The genetic diversity parameters were shown in Table 3 . The values of the first replicates. Furthermore, the ΔK statistic was found to be also obviously maximum at K Table 3 12 consistent with a considerably low level of genetic diversity in the Japanese population.
1
We carried out the cluster analysis with the subsets of the 17 markers. The 2 result obtained by excluding the 4 triallelic markers (Nn01, PM2-21, PM2-37, and 3 PM3-13) from the 17 markers was largely different from that of the 17 markers (Fig. 3),   4 giving the highest value of ln Pr(X/K) at K = 1. However, inclusion of the 4 triallelic 5 markers, irrespective of the markers chosen, resulted in the result similar to that of the 6 17 markers. Even if we used the 4 triallelic markers in combination with the 6 biallelic 7 markers which had low PIC values (Nn17, Nn18, PM2-16, PM2-37 PM3-13, and 8 Wsu13), we obtained the similar result at K= 2 (data not shown). Therefore, it was 9 suggested that the triallelic markers had an essential effect on the clustering result. The analysis by STRUCTURE showed that 5 founders were divided into 2 14 clusters. One cluster contained founder C which was accounted for mostly by dark gray 15 cluster and another cluster contained founder A, B, D, and E that was accounted for 16 mostly by light gray cluster. Furthermore, founder C was also distinct from the other 17 founders at K= 3 to 7. However, the genotype data did not show that there was an 18 apparent difference between the 2 clusters ( Table 3 ). The founder C had a specific allele 19 for Nn01 and specific genotypes for PM221, hSTR1-150, and PEL086, but over 80% of 20 the genotypes of founder C were shared by the other founders. Therefore, the genome of 21 founder C did not seem to be apparently distinct from the others' genomes. markers which were successfully amplified or showed polymorphisms in this study was 7 extremely low, as compared with that of the previous study, being consistent with the 8 fact that the related species utilized in this study were evolutionally more distant from 9 the Japanese crested ibis than those of the previous study. The species utilized in this 10 study belong to different families from the Japanese crested ibis, while the most of the 11 species used in the previous study belong to the same family as the Japanese crested ibis We thank Japanese Ministry of the Environment, Sado city, and the Japanese Cross-species transfer of nuclear microsatellite markers: potential and limitations. Genetic evaluation of a demographic bottleneck in the greater prairie chicken. Conservation Genetics 7, 157-160. polymorphic information content (PIC) and deviation from HWE in the Japanese population (the founders and descendants) of 22 microsatellite markers † The number 1, 2, 3 represents each allele, the allele specifically carried by one founder is indicated by asterisk, and the genotype specifically carried is indicated in bold. ‡ Significant deviation from Hardy-Weinberg equilibrium is indicated by asterisk (P < 0.05), and that after correction using Bonferroni procedure is indicated by asterisk in bracket (P < 0.05/22=0.002). 
